This report 1s one of a series documenting the results of the Swedish-American cooperative research program in which the cooperating scientists explore the geological, geophysical, hydrological, geochemical, and structural effects anticipated from the use of a large crystalline rock mass as a geologic repository for nuclear waste.
2) geological characterization -including detailed surface mapping, subsurface mapping, and core mapping.
3) geophysical characterization -using a variety of borehole tech niques, with emphasis on sonic rrethods.
4) hydrologic characterization -through injection tests, pump tests,
water pressure measurements, and controlled inflow tests to tunnels.
Geology of Stripa Mine and Configuration of Boreholes
The Stripa mine, located in south-central Sweden, is an inactive iron mine which drew its ore from hematite-rich zones in leptite, a quartzofeldspathic metamorphic rock of the granulite facies. This leptite was intruded by a medium-grained granite in which a considerable part cf the mine accessways are located. It Is from such drifts at the 360-m level of the mine that drifts were excavated for the in situ heater tests and other experiments at the 338-m level (Fig. 1) . The location of the surface holes relative to surface geology and the experiment drifts is shown in 
Core Orientation
As core was removed from the split inner barrel of the triple tube assembly, it was reconstructed, i.e., open fracture surfaces were mateu to one another to restore the core pieces to their proper relative orienta tion. The core was then scribed with a permanent marking pen along the side of the core parallel to an orientation mark. This mark was made at the begining of each core run using a wireline "indentor" which would follow the lowest side of the hole. The use of the indentor was similar to the use of paint markings by Rosengren (1967) . In the shallower ver tical holes drilled for the heater experiment instrumentation, a guidf was used to direct the indentor which was oriented relative to a surveyed line at the top of each borehole. This method was used for holes as long as 14 m.
Core Logging
Core-logging process included recording of fracture orientation, roughness amplitude, planarity, mineralogy and hardness of fillings, wea thering, slickensiding, and whether the fracture was open, closed, or induced by drilling. Triple tube, split inner barrel equipment was used for all 76-mm holes; a very high degree of recovery and preservation of fracture features was achieved. Polaroid photos were taken as soon as the core was exposed, and color slides were taken after logging for permanent records. Calculations were also made of mean core length and RQO.
Happing and 3-D Characterization
Detailed mapping was done in the heater experiment drifts in order to define discontinuities which would affect the local rock-mass behavior. ping. This suggests that joints in set 3 nay be less than 0.5 in dimen sion, and thus not shown in the nap. Happing of set 4 is clearly biased by its subhorizontal orientation. Set 2 correlates well with the major fracture orientation on the surface (Fig. 4b ).
Virtually

Effect of Fractures on Heaters
The set 1 joints have two attributes that suggest they may undergo significant shear due to thermal loads. First, the set 1 joints have large trace lengths relative to the other sets (Fig. 3) • influence of temperature nn permeability;
• determination of water pressure around the urine;
• groundwater chemistry for obtaining estimates of age and origin of water;
• determining stress permeability relationships in laboratory tests.
Permeability Based on Fracture System Analysis
The basic approach being used at Stripa (Fig. 9; Gale SBH 1, 2, and 3 (Fig.   2 ) normal to the major joint sets, and performing the following well tests:
(1) Injection tests of the entire length of each surface hole with 2-m packer spacings.
(2) Injection tests of prominent fractures noted in the TV logging.
( 
Pressure Data from Surface Holes
In addition to permeability measurements, repository site characteri zation requires knowledge of the hydraulic potential field. These pres-sure measurements not only are useful In determining directions of groundwater flow, but also can provide £ qualitative assessnent of frac ture continuity, as some of the data from SBH-1 shows (Fig. 10) . 
Pump Tests
In the fall of 1977, wells WT 4, 5, 6, and 7 were drilled on the sur face for use in pump testing. The wells were 4 inches (102 mm) in diameter and drilled in a pattern based on the dominant fracture orientation mea sured in the surface outcrop around the site (Fig. 2) . Well WT-7 was drilled to a depth of 100 m and was designed to be the pumping well. Wells WT 4 and 6 were 50-m deep and located 15 m and 30 m, respectively, from WT-7; they were designed to be observation wells and were positioned along the strike of the major joint set relative to WT-7 (Fig. 4) 
Ventilation Experiment
It has been recognized that walls in "dry" mines appear to be dry because the permeability of the rock mass is so low that the mine venti lation system can evaporate the water slowly seeping into the underground openings (Witherspoon et al., in press). By measuring the amount of water vapor being removed from a section of the mine by the ventilation system, a direct measure of the volume of water seeping into an isolated section of a mine can be obtained. Furthermore, knowledge of the groundwater pressure gradients near the mine opening allows calculation of the rockmass permeability.
The underground ventilation experiment at Stripa is designed to mea sure the total amount of water that is seeping into a 30-m section of tunnel at the end of the main drift (Fig. 1) . This section is being sealed off with airtight and watertight bulkheads. A controlled amount of heated air is circulated into and out of the room, and the change in the water content of the air is measured to determine the rate of groundwater seepage.
Construction of the bulkheads is underway and the experiment is scheduled
to begin in the summer of 1979. Fig 12) . Smaller-diameter samples showed a de crease in fracture permeabilities from 10~3 to 10-5 cm/sec as the normal stress was increased. Permeabilities in the larger-diameter core, however, decreased from 10"3 to only 10"* cm/sec -an order of magnitude higher than the smaller core. Comparison of these results with those of Pratt et al. (1977) suggests that stress-permeability relationships based on tests on smaller cores give permeabilities that are low compared to those found ffc^^^^^^si Fig. 12 . One-meter-diameter core being readied for fracture flow testing. (XBB 753-1977) in natural conditions. In view of these results a one meter diameter core containing a natural fracture has been extre'ited from the 360-m level of the Stripa mine for use in fracture flow versus normal stress testing. Gringarten for help in pump tests.
Laboratory
